The paper is devoted to investigating a class of neutral stochastic integro-differential equations with impulses driven by fractional Brownian motion. By establishing two new impulsive integral inequalities which improve the inequalities established by Li 
Introduction
In the past decades, neutral stochastic functional differential equations (NSFDEs) have been widely discussed by many researchers because of potential applications in control theory, mechanics, engineering, economics, etc. A lot of interesting properties of the solutions for the system such as existence, uniqueness and stability have been obtained (see, e.g., [-] and the references therein). There exist impulsive effects in many areas, such as physics, economics, mechanics and engineering, which are changed abruptly at certain moments of time. Therefore, NSFDEs with impulses have been examined. For more details, we refer the reader to [-] and the references therein. Moreover, the attracting and invariant sets are also interesting topics for the stochastic system (see, e.g., [, ] ). In particular, the authors in [] discussed the p-attracting and p-invariant sets for NSFDEs with impulses. Long et al. [] investigated global attracting sets of NSFDEs with impulses by establishing impulsive integral inequalities. Since then Li and Xu [] obtained the attracting and quasi-invariant sets of the mild solution of NSFDEs. Wang and Li [] made further efforts on attracting and quasi-invariant sets of the mild solution of impulsive NSFDEs with infinite delays by establishing impulsive integral inequalities.
Due to the wide application of fractional Brownian motion (fBm) in hydrology, economics, telecommunications and medicine, much interesting work has been carried out on stochastic differential equations driven by fBm (see, e.g., [-] 
where A is the infinitesimal generator of an analytic semigroup {T(t)} t≥ in Hilbert space H, B H Q is a fBm with Hurst parameter H, g, f : 
To the best of our knowledge, there is no result on the attracting and quasi-invariant sets of the mild solution for system (.). To close the gap, we aim to derive the attracting and quasi-invariant sets for (.) by establishing two impulsive integral inequalities which improve the results in [] and [], respectively. Moreover, exponential stability of the mild solution is established with sufficient conditions. The paper is organized as follows. In Section , some basic notions, preliminaries and assumptions are provided. Section  is devoted to studying the attracting and quasi-invariant sets for neutral stochastic integro-differential equations with impulses driven by fBm. By a product, the globally mean square exponential stability of the mild solution is derived.
Notations and preliminaries
In this section, we begin with some notations and preliminary results with respect to fBm. Let ( , F, {F t } t∈J , P) be a complete probability space satisfying the usual conditions. E(·) denotes the mathematical expectation with respect to P. A one-dimensional fBm with Hurst parameter H ∈ (, ) is a centered Gaussian process β H = β H (t) with the covariance
In this paper, we consider H >  
and β H (t) has the following representation:
where β(s) is a standard Brownian motion and the kernel K(t, s) is given by
where c H is a nonnegative constant with respect to H.
where
ds. Let (K, · K ) and (H, · H ) be two real separable Hilbert spaces with their vector norms and inner products, respectively. L(H, K) is the set of all linear bounded operators from H to K equipped with the norm · . For the sake of convenience, we use the same notation · to denote the norms in K, H, L(H, K). e n (n = , , . . .) denotes a complete orthonormal basis in H and Q ∈ L(H, H) is an operator defined by Qe n = λ n e n with finite trace tr Q = +∞ n= λ n < +∞, where λ n (n = , , . . .) is a nonnegative real number. We define the infinitedimensional fBm on H with covariance Q as
where β H n (t) is real, independent fBm. The process is an H-valued Q-fBm, starts from , has zero mean and covariance
, y , for all x, y ∈ K, and t, s ≥ .
In the following parts, we introduce the Wiener integral with respect to the Q-fBm.
Now, we give the definition of the fractional Wiener integral of the function ψ :
where β n is the standard Brownian motion with respect to β
In what follows, we need the property of the stochastic integral from [] to prove our main results.
well defined as an H-valued random variable and we have
We assume that T(t), t ≥  is a uniformly bounded and analytic semigroup. A : D(A) → K is the infinitesimal generator of T(t) on K. We also assume that there exist a constant 
Throughout this paper, we assume that there exists at least one solution for (.), which is denoted by x(t) or x t (, ϕ). 
Definition . The set S ⊂ H is called a quasi-invariant set of (.) if there exist positive constants k and l such that, for any initial value ϕ ∈ PC
Definition . The set S ⊂ H is called a global attracting set of (.) if, for any initial value
for t ≥ , x(t) satisfies the following integral equation:
Lemma . (see [])
For any x ∈ R n + and p > , we have
In order to obtain our main results, we always make the following assumptions: (H) There exist positive constants M and μ such that the strongly continuous semigroup T(t) ≤ Me -μt .
(H) There exist positive constants L f and M f , for any ψ i , ϕ i ∈ PC, i = , , such that
(H) There exist positive constants L  and L  , for any ψ ∈ PC, where
(H) The functions I j (j = , , . . .) satisfy the following condition: there exist d j >  (j = , , . . .), for any ψ, ϕ ∈ PC, such that
(H) There exist positive constants δ, λ and δ * satisfying the following inequalities:
Remark . It is easy to derive the notion that system (.) has a unique mild solution under the above assumptions (H)-(H).
Main results
In this section, we propose some integral inequalities which are useful in our following calculus. 
.) and the function x(t) is in PC([-r, ∞), R
Proof If (.) is not true, we can affirm that there exists a t  ≥  such that
From (.) and (.), we have
Hence, it contradicts the first inequality of (.), so the proof is complete. 
.) and the function x(t) is in PC([-r, ∞), R + )
such that
then we have
where λ ∈ (, λ * ), λ * = min{μ  , μ  } and the following inequalities are satisfied:
Proof By (.), we verify that there exist constants λ ∈ (, λ * ) and δ such that (.) can be defined well. Firstly, we claim that, for anyδ ≥ δ,
It is clear that (.) holds for any t ∈ [-r, ]. By the contradiction method, if (.) is not true for t ∈ [, b], we can find at ∈ [, b] such that
Next, we will give some contradictions by these conditions. By (.), (.) and (.), we have
Following from (.) and (.), we have
which contradicts the first inequality of (.), so the proof is complete. 
is a global attracting set of the mild solution of (.) and
is a quasi-invariant set of the mild solution of (.) if the following relations hold:
Proof By (.), we have
From Lemma ., we have
Then, by (H), we assume
By Lemma . and (.), we have
Therefore, S  is a quasi-invariant set of the mild solution of (.). 
Corollary
Proof From (H)-(H) and (.), we have Let λ ∈ (, μ). Then we derive 
Conclusions
In this paper, we introduced two new impulsive integral inequalities with respect to neutral stochastic integro-differential equations with impulses driven by fBm. We studied the attracting and quasi-invariant sets of the system by use of the impulsive integral inequalities. Furthermore, exponential stability of the mild solution is established under sufficient conditions.
